Abstract. Severe fever with thrombocytopenia syndrome (SFTS), which is caused by a novel bunyavirus, is an emerging infectious disease in China. In 2011, this new virus was designated as severe fever with thrombocytopenia syndrome virus (SFTSV). The aim of the present study was to determine the seroprevalence and risk factors of SFTSV infection. The investigation was conducted among the general population in Jiangsu Province, China in 2011. A total of 2,510 serum samples were collected. Testing by enzyme-linked immunosorbent assay was conducted to determine the seroprevalence of SFTSV infection. Result showed that the overall seroprevalence of SFTSV infection was 0.44% (11 of 2,510) in seven counties in Jiangsu Province. Multiple variable logistic regression analysis showed that raising goats, farming, and grazing were risk factors for SFTSV infection. Raising goats, farming, and grazing might be important risk factors for virus exposure, and appropriate health education could be useful in preventing infections.
INTRODUCTION
Severe fever with thrombocytopenia syndrome (SFTS) is an emerging infectious disease in China. Since 2007, SFTS had been documented in six provinces of China, including Jiangsu Province. In 2009, infection with a novel type of bunyavirus was identified as causing the disease. 1 In 2011, the new virus was designated as severe fever with thrombocytopenia syndrome virus (SFTSV), 2 a novel phlebovirus in the family Bunyaviridae that was most closely related to Uukuniemi virus, as identified by metagenomic analysis, sequence-independent polymerase chain reaction, and high-throughput sequencing. Infection with SFTSV is characterized by acute onset of fever, low leukocyte cell and platelet counts, high levels of alanine and aspartate transaminases, and proteinuria, and has a mortality rate 10% in hospitalized patients. 3 Cases of infection with SFTSV have been found in six provinces in China (Henan, Hubei, Shandong, Jiangsu, Anhui, and Liaoning), and imported cases have been reported in Zhejiang and Beijing, China. 4 -8 Occurrence of SFTSV infection starts in March, peaks in May-July (96% of total cases), and lasts until November. 9 A recent study demonstrated person-to-person transmission of SFTSV infection by direct personal contact. 6, 10 In addition, it has been shown that cases of infection with SFTSV are found predominantly in hilly rural areas. 9 Severe fever with thrombocytopenia syndrome virus is believed to be transmitted by ticks because the virus has been detected in Haemaphysalis longicornis ticks. 2 There have been few studies of the seroprevalence of SFTSV in humans and the risk factors involved in infection with this virus. The aim of the present study was to determine the seroprevalence and risk factors of SFTSV infection. Also, the study was performed to provide new knowledge to guide future decisions on preventive measures of controlling SFTS in China.
MATERIALS AND METHODS
Sample and data collection. Jiangsu Province is located in eastern coastal China (Figure 1 ). The area consists of lowlying hills, with a continental monsoon humid climate and four distinct seasons. The annual average temperature is 13-19 C, and the average rainfall is 1,002.7 mm. A cross-sectional survey was conducted in seven counties in Jiangsu Province, China, in 2011 ( Figure 1 ). The investigation targeted permanent urban and rural residents of the seven counties. The sampled population was divided into six age groups (10-19, 20-29, 30-39, 40-49, 50-59, and 60 years) in the seven counties where surveillance for SFTS was conducted.
In brief, 2,758 persons were visited and 2,510 (91%) agreed to participate. Each participant ( 10 years of age) was interviewed by using a structured questionnaire to obtain demographic information (e.g., name, age, sex, marital status); information on livestock (e.g., goats, dogs, and chickens); outdoor activities in recent months (e.g., farming, mowing grass, hunting, picking tea leaves, grazing, traveling); and history of bites by animals and insects in recent months (e.g., rats, ticks). Grazing was defined as movement by farmers of herds of animals to find food. A total of 2,510 serum samples were obtained during this study by collection of peripheral venous blood. The study was approved by the ethical review committee of Jiangsu Provincial Center for Disease Control and Prevention. Informed consent was obtained from all participants after they were provided with detailed descriptions of the potential benefits of the study.
Serologic test for SFTS by enzyme-linked immunosorbent assay. Total antibodies (including IgG and IgM) in serum samples were detected by using a double-antigen sandwich enzyme-linked immunosorbent assay (ELISA) 11 For the ELISA, 96-well plates were coated overnight with *Address correspondence to Minghao Zhou, School of Public Health, Nanjing Medical University and Jiangsu Provincial Center for Disease Control and Prevention, Nanjing, China. E-mail: zmh@jscdc.cn recombinant nucleoprotein of SFTSV and 50 μL of serum samples was added. Samples were incubated at 37 C for 30 minutes, washed three times with phosphate-buffered saline, 0.05% Tween 20, and horseradish peroxidase-conjugated nucleoprotein was were added. After samples were incubated and washed, plates were developed by using a substrate solution (0.2% o-phenylenediamine, 0.05% hydrogen peroxide in citric acid-phosphate buffer, pH 5.0). The chromogenic reaction was stopped by using 50 μL of 2 M sulfuric acid, and absorbance was read at 450 nm (including negative and blank controls).
Serum samples from goats known to be positive for SFTSV were used as a positive control. These samples were obtained from 20 goats infected with the Jiangsu-014 strain of SFTSV. Serum samples collected from 20 that were exposed to the virus were tested and found to be negative for SFTSV by using a serum neutralization test. These serum samples were used as a negative control. Estimates of sensitivity, specificity, and other combined measures of diagnostic accuracy were determined at cutoff values of the mean value of negative control serum plus 3 SD.
Statistical analysis. All statistical analyses were performed by statistical software SPSS version 17.0 (SPSS Inc., Chicago, IL). Comparisons of frequencies across groups was tested for statistical significance by using Fisher's exact probability method, and the risk factors for SFTSV infection were identified by using single-variable and multiple-variable logistic regression models. Statistical significance at a 0.05 risk was used in tests and for confidence intervals (CIs). Multivariate models were constructed (logistic regression) and included univariate analysis of risk factors with significance level of 0.05. The backwards stepwise elimination procedure was applied. Odds ratios and exact 95% CIs were used to determine the association between risk factors and SFTSV seropositivity.
RESULTS
Seroprevalence of SFTSV infection by region of residence, sex, and age. A total of 2,510 participants (median age = 42 years, age range = 10-94 years) in seven counties of Jiangsu Province were enrolled in this study, Of the 2,510 participants, 1,021 were (40.7%) male and 1,489 (59.3%) were female. Result showed that the overall seroprevalence of SFTSV infection was 0.44% (95% CI = 0.18-0.70%) in this survey. With respect to specific regions, seroprevalence was significantly (P 0.05) different among the seven counties. However, no significant difference by sex in the seroprevalence of SFTSV infection was detected. Statistical analyses showed that the seroprevalence of antibodies against the virus did not increase with age (Table 1) .
Risk factor analysis by using a logistic regression model. To control potential confounding effects from various risk factors, as previously selected by using univariate analysis, a multiple logistic regression model was constructed by including significant risk factors associated with SFTSV infection. After including the factors of raising goats, farming and grazing, it was found that these three factors were still significantly associated with SFTSV infection in the study population (Table 2) .
DISCUSSION
This study was an epidemiologic study conducted in Jiangsu Province, China, to investigate SFTSV infection. Results indicated an overall SFTSV seroprevalence of 0.44%, which is lower than that reported in Shandong Province (0.8%) (5). The differences between the two studies might be attributed to the different populations that participated in these studies (2,510 persons in Jiangsu Province and 237 persons in Shandong Province). Most importantly, this study indicated that raising goats, farming, and grazing were the risk factors of SFTS in humans. Educating persons to prevent this disease, especially for high-risk populations, is needed.
The study demonstrated that significant regional differences were observed in the seroprevalence of SFTSV among the counties, which might be attributed to variation in location. Infection with SFTSV infection was a serious problem in Lishui, Liyang, Yuyi, and Yixing Counties, which are characterized by hilly landscapes. Because tick reservoirs might be more frequently found in hilly landscapes, infection with SFTSV would be more likely in these areas. In a previous study, 111 (83%) of 134 goats in Yiyuan County, Shandong Province, China, were seropositive for this virus. 5 On the basis of current evidence, we could speculate that goats are the potential reservoir for SFTSV. However, additional studies are needed to provide conclusive evidence.
Conversely, there was no significant sex difference observed, indicating that men and women are equally susceptible to SFTSV infections. In addition, there was no statistical difference among studied age groups for SFTSV infection. Our results indicated that one age group was not at greater risk of being infected than another. Single-variable logistic regression analysis showed a significantly positive correlation of raising goats, farming, and grazing with SFTSV infection, and multiple-variable logistic regression analysis showed that these three variables were risk factors for the infection. Therefore, persons who engage in raising goats, farming, and grazing were the high-risk populations for SFTSV infection. Exposure to goats, farming, and grazing might increase the probability of tick bites and infection with SFTSV. Consequently, an understanding of the prevalence and risk factors of infection has been facilitated, which would provide evidence for SFTS prevention.
In conclusion, this serologic survey facilitated understanding of the current prevalence of SFTSV infection in seven counties of Jiangsu Province. Further studies are needed to isolate SFTSV from animals and ticks, identify the tick species involved in human transmission, and identify the potential role of wild animals as reservoirs. Health education on prevention and control of the disease should be provided to highrisk populations to increase their awareness of this infection, and a surveillance response system should be established to increase the ability for early detection and early diagnosis and to reduce incidence of SFTSV infections. 
